Based on census data linked to household surveys, we analyze the univariate and joint distribution of income, health and education at the municipality level in Mexico from 1990 to 2010 using Gaussian mixture models. The univariate analysis finds an emergence of a low-income cluster in 2000, which disappears again by 2010. Our trivariate estimation shows an education-led human development convergence over time while dynamics are mainly affected by fluctuations in health and income. Changes in development clusters have a clear spatial pattern and are closely related to the relative size of the agricultural sector and the proportion of indigenous population groups.
Introduction
After the import-substitution industrialization period (ISI) that persisted until the early 1980s, Mexico opened up its economy by signing the General Agreement on Tariffs and Trade (GATT) in 1986 and by acceding to form the North American Free Trade Agreement (NAFTA) in 1994. Many studies suggest that the income disequalization that started in the mid-1980s can be linked to these changes in trade policy. For instance, Juan-Ramon and Rivera-Batiz (1996) attribute the regional divergence between the mid-1980s and 1990s to GATT accession. Sánchez-Reaza and Rodríguez-Pose (2002), Fuentes Flores and Mendoza Cota (2003) and Chiquiar (2005) similarly argue regarding NAFTA's impact on income inequality. Gómez-Zaldívar and Ventosa-Santulária (2012) argue that the liberalization accelerated the process of convergence between the border provinces and the capital during the period 1990-2010, which then increased the divergence between these provinces and the poorer Southern ones.
In December of 1994 an important economic crisis hit Mexico. The crisis was related to a highly overvalued currency and a resulting current account and foreign debt problem. Despite a recovery, survey data on real household per-capita income shows that the levels in 2010 are still below the levels of 1990, although national accounts data point to a more optimistic picture (see below).
1 Despite the crisis, however, there has been continued progress in health and education outcomes. The mean years of education improved from 3.53 years in 1990 to 4.16 in 2000 and 5.24 in 2010, and there were some improvements in health outcomes as well, details on these trends and data sources are provided below.
In this paper, we aim to shed light on the distributional dynamics of household per-capita income, health and education at the municipality level over the past two decades. Our study contributes to a better understanding of the association between the different dimensions of human development and how these associations develop across space and time (e.g. Dreze and Sen, 1989; UNDP, 2010; Suri et al., 2011) . Here, we focus on these linkages at the highly disaggregated municipal level, whereas most other studies use nationally aggregated data. We also provide a characterization of the dynamics in the inequality of human development across space and time, which is neglected in aggregate studies. A related study is by Permanyer (2013) who also assesses and decomposes the Human Development Index (HDI) at the municipal level in Mexico and finds that human development has increased over time, inequality between municipalities has fallen and is increasingly linked to income differentials. While this paper is a very useful contribution on trends and drivers of the HDI at a sub-national level, this approach relies on the construction of an index and the associated (arbitrary) assumptions about weights, which are also held fixed over time. It also relies on an asset index to proxy income, which may lead to biases when relative prices, preferences or availability of assets change over time (Harttgen et al., 2013) . We differ by flexibly examining the development of the joint distribution of household per capita income, health and education over time and by relying on income data generated through the poverty mapping methodology.
The joint distribution of income, health and education is of central importance as it broadly determines human welfare (Sen, 1999) . In this regard, our approach recognizes the interdependency of these dimensions (see Barro, 1991; Pritchett and Summers, 1994; Suri et al., 2011) . In particular, we look at the number of clusters in the data graphically using a non-parametric kernel density estimator and also test formally for the number of clusters. In other words, our analysis recognizes that joint changes in all mentioned dimensions do not vary monotonically with changes in single dimensions. Moreover, our approach does not rely on arbitrary thresholds to define which municipalities fit into predefined groups of high, intermediate or low human development. Instead it uses Bayesian posterior probabilities to classify municipalities into different categories of human development given the observed association between health, schooling and income achievements.
Our work also relates to studies by Quah (1993 Quah ( , 1996 which introduced a conceptual framework for the analysis of income distributions. He argued that the cross-country distribution of GDP per capita can be characterized by "twin peaks" with a rich and a poor cluster of countries. focus on human development by studying the joint distribution of income, health and education across the countries of the world. They find that there were two clusters of countries in 1960, one with high levels in all three dimensions and one with lower levels in all three dimensions. Over time they identify the emergence of a third group of countries between these two clusters.
The major advantage in analysing the joint distribution of income, health and education is that we do not have to limit our analysis to an index of human development that is based on an arbitrary weighting framework (See Cherchye et al., 2008; Foster et al., 2009; Permanyer, 2013) . Moreover, in contrast to UNDP's Human Development Index and related aggregate measures, we can explicitly study the distribution of achievements (see Grimm et al., 2008) and geographically characterize the municipal development process and its transitions over the last two decades.
In our univariate analysis, we find a group of 260 agricultural municipalities converging to a very low-income level in 2000, due to a sharp income decline during the 1990s, arguably due to effects of NAFTA, GATT accession, overvaluation, and the 1994 economic crisis on the agricultural sector. We show that in those municipalities incomes fell but inequality also fell, while in more diversified agricultural districts, sectoral shifts reduced those income losses but were associated with rising inequality.
In the trivariate analysis, we find four, four, and three human development clusters in 1990, 2000, and 2010, respectively. In general there is an education-led transition from low to high development levels, and the human development dynamics are closely associated with the relative size of the agricultural sector and the share of indigenous population. This paper is structured as follows. Section 2 presents and describes the data. Section 3 briefly summarizes the methodology applied in our study. Results and an analysis on the income inequality and human development dynamics are presented in Section 4. Section 5 concludes.
Data and Methodology
Mexico is composed of 32 states, which are divided into 2,456 municipalities. We consider 2,372 municipalities (covering more than 98 percent of the total population) for which we have comparable data for the years of 1990, 2000, and 2010 .
2 For income, we use a data set provided by the World Bank's Poverty, Equity and Gender Unit, PREM-LAC that provides average incomes and measures of inequality for each of our 2372 municipalities. For average income we use the average household per capita income at constant prices of August of 2010 on a logarithmic scale (with a base of 10). Additionally, we use the 90th/10th percentile income ratio at the same level of aggregation. The income variable consists of all monetary and non-monetary income, including consumption from own production, imputed rent, and income transfers.
3
These income and inequality data are based on data from the Household Income and Expenditure Survey data (ENIGH) of 1992, 2000, and 2010 and on the population census of 1990, 2000, and 2010.The small-area estimation strategy proposed by Elbers et al. (2003) is employed to estimate income and income inequality at the level of each municipality using the census data. The procedure considers the household survey to be a random sample of the underlying population. Then variables which are correlated with income and which are included in both the household survey as well as the census sources are chosen. Only variables in which the sample mean is statistically equivalent to the population average are included in a generalized least-squares regression income model to be estimated using household survey data. Finally, the parameters of the income model are used to predict household incomes and to generate the household income distribution based on the household covariates from the census data. The estimations of income and inequality are calculated at the municipal level by matching the census to ENIGH for the same year (or the closest available one). Health is measured by the logarithm (with a base of 10) of the number of deaths of children per 1,000 live births.
5 Education is measured by the average years of schooling of the full population. Alternatively, in a robustness check, we also calculated the education variable based on the population aged 25 or older. 6 The health and education variables were generated based on random samples of the censuses of 1990, 2000, and 2010, reaching 10 percent, 10.6 percent and 10 percent of the census population sizes, respectively. This data was provided by the integrated international public use Microdata Series by the Minnesota Population Center (IPUMS International, Version 6.2. as of 2013 by the University of Minnesota). The same source is used to compute variables used later in this study such as the total municipal population, the share of the indigenous population, the proportions of agricultural employment, the share of the illiterate population in 3 Income figures were deflated using Mexican CPI (Índice Nacional de Precios al Consumidor [INPC] ). This income figure is smaller than GDP per capita income level and, as already discussed above, this discrepancy has been rising over time. We do not adjust incomes in the survey to match the national accounts. Thus our estimate strictly corresponds to an estimation based on household survey information only. For a discussion of these issues, see Deaton and Kozel (2005) and Lakner and Milanovic (2014) . 4 For 2000 and 2010, census and survey data are from the same year. To project incomes into the 1990 census, the 1992 household survey was used. This will not present a problem unless the correlation between assets and income has shifted a lot (and differentially across municipalities) in those two years, which is unlikely.
5 More specifically, the mortality variable considers the questions asked to mothers aged 12 or more, how many of their children have already died. Those who died could have died in previous years as well so that the mortality measures the cumulative mortality of children independently of their age (as a proportion of children born). We believe that this is an appropriate indicator for longer-term child mortality and overall health conditions in a municipality. 6 This alternative education variable is considered in order to assess whether differences in the age distribution by municipality could potentially bias our results, as low mean education could be just the result of a younger population that is still going to school. However, this alternative education variable comes at the cost of dropping 55 percent, 51 percent and 46 percent of the underlying populations in 1990, 2000, and 2010, respectively. describe the rurality of a municipality, we also generate a variable which measures the proportion of the population living in rural localities (defined as villages and towns with less than 2500 inhabitants).
To model the distribution dynamics, we consider a multivariate finite mixture model. More specifically, we assume a Gaussian mixture model
where ϕk(.|μk, Σk) is the density of the d-variate normal distribution with mean μk = (μk1 . . . μkd)′ and covariance Σk = (σkij)1≤i,j≤d 1 ≤ i ≤ j ≤ d and 1 ≤ k ≤ G. τk are positive mixing weights adding to one and G is the number of components. In the univariate case, the formula simplifies to
with ϕk(Xi|μk, σk) being a univariate normal distribution. In the univariate case, we employ the Expectation-Maximization (EM) algorithm to determine the number of components and to estimate the parameters of the mixture model (see for a detailed description of the method). In the multivariate case, we use the Bayesian Information Criterion (BIC) to determine the number of components and estimate the parameters of the mixture model using maximum likelihood techniques (see for more details on this).
Once we have fitted a finite mixture model with an appropriate number of components to the data, each observation can be assigned posterior probabilities of belonging to each of the components in the mixture model given the data. This allows us to assign observations to the component that it most likely belongs to according to the highest posterior probability. For the estimation of the modelbased clustering, classification and density we used the R package mclust (see Fraley et al., 2012) .
Results
We start by considering the distribution of the individual variables before considering their joint distribution. The first panel in Figure 1 shows a significant income loss in 2000 (for black and white printing solid line) when compared to 1990 (for black and white printing dotted line). The observed income loss reported in the household surveys is probably a consequence of the deep economic crisis of 1994 (see Lustig, 1998; Esquivel et al., 2010; Ortiz-Juárez and Pérez-García, 2013) ; but note that per capita income figures using national accounts paint a more positive picture (see above). Interestingly, a group of municipalities became very poor in 2000, showing evidence of the possible formation of a disadvantaged convergence club with per capita incomes around 467 Mexican pesos (see the left-hand bulge in the kernel density); this poor group seems to disappear in 2010 (dashed line).
Regarding education, there has been a continuous improvement in the years of schooling over time. With respect to health, the distribution of child mortality 
Univariate Gaussian Mixture Distributions
In Figure 2 , we show the Gaussian mixtures of the univariate distributions of income, health and education. In 2000, the distribution of income is characterized by the emergence of a statistically significant poorer sub-group whereas the same distributions in 1990 and 2010 only consist of one group. This is true at the country level and robust to the exclusion of the municipalities belonging to the states bordering the USA, and to the exclusion of those from the oil-states of Campeche and Tabasco Over the last two decades, we find two statistically significant components shaping the health distribution. However, in 1990, the mixture does not indicate the existence of two convergence clubs, but instead the two components have a similar mean achievement but different distributional characteristics. In contrast, for 2000 and 2010, the mixtures indeed represent the coexistence of two clusters of municipalities. In 2000, the new and smaller cluster, made up of 357 municipalities shows on average child mortality rates almost twice as high as those observed in the main cluster (188 versus 119 child deaths per 1000 live births). In 2010, the disadvantaged cluster shrinks to 316 municipalities and the mortality gap declines (137 versus 87 deaths of child deaths per 1000 live births). Moreover, Table 1 shows that 125 out of 357 municipalities escaped from the disadvantaged cluster between 2000 and 2010 showings that in a 10-year period, significant improvements in health outcomes are possible (see Appendix Table A .1). Conversely, during the same period 84 municipalities moved backwards in their health cluster classification due to the fact that they did not experience any statistically significant child mortality reduction.
In the case of education, there are always two clusters, a large group and a small one showing substantially higher levels of education. Both of these clusters move to the right over time, showing significantly improved education outcomes for both groups (see below Table 2 and Appendix Table A .1). The use of the alternative education variable shows the same behavior in terms of clusters and trends as the original variable. Note also that transitions between the clusters in education are also much less frequent than those that happened in the health dimension, suggesting greater stability in education than in health conditions.
Determinants of the Poor Income Cluster in 2000
We now turn to characterizing and explaining the emergence of the lowincome cluster in 2000. Our univariate income mixture model shows that there are 260 municipalities for which the loss of income was much more pronounced. The geographic distribution of this poor group is depicted in Figure A .1 in the appendix. All municipalities in the low-income cluster are rural (i.e. 100 percent of their populations live in localities with less than 2,500 inhabitants) and mostly located within the states of Oaxaca, Chiapas, Veracruz, and Puebla (see Appendix  Table A .2).
This emergence of the poor cluster is consistent with the literature on the impact of GATT accession, NAFTA, and the 1994 economic crisis on incomes in poor agricultural communities. Associated with the trade liberalization reforms of the 1980s and 1990s was the emergence of a trade deficit in the agricultural sector. Additionally, GATT and NAFTA shifted the farm imports to US producers of basic staples (including particularly maize). This problem of intensified foreign competition was exacerbated by an overvalued real exchange rate. Urrutia and Meza (2010) argue that financial and trade liberalization accounts for a significant real exchange rate appreciation. Here, sizeable capital inflows contributed to the currency overvaluation (Ibarra, 2011) , causing particular competitiveness problems for tradable products such as agricultural goods. The combination of trade liberalization and an overvalued exchange rate caused particular problems for the traditional agricultural sector, causing job losses in this sector (Polaski, 2004) and declining wages in the primary sector in the 1990s, when compared to the rest of the economy, and also in absolute terms (Scott, 2010) . Our evidence is consistent with these explanations and suggests that agricultural-based municipal economies (mostly in the southern part of the country) were more likely to suffer from an income reduction due to changes in the trade regime. But note that most rural southern municipalities did not experience such an enormous income decline. We hypothesise that many of these municipalities were able to shift towards the expanding non-farm (dynamic) sector (see also Araujo et al., 2004) .
But for municipalities belonging to the poor income cluster, which tend to have very poorly developed non-agricultural sectors (employment shares in agriculture average almost 80 percent), this option was apparently not available. As a result, we suggest that the predominance of the labor force engaged in agriculture ensures that agricultural incomes almost fully determine the income distribution in these municipalities. Consequently, a negative shock to agriculture would affect income across the whole distribution and might even affect the largest agricultural producers proportionately the most, leading to falling incomes but no rise (or even a decline) in income inequality.
In contrast, in municipalities with a more mixed economic structure (dual or multi-sector), there exist inter-sectoral migration (escape) possibilities, mostly for those with relatively high levels of education or ability. Thus, more educated or skilled individuals are more likely to transit from the traditional (declining) sector towards the modern sector. Consequently, in dual or multi-sector municipalities, this dynamic would translate into the emergence of a substantial inter-sectorial labor income-gap expressed as an increasing 90/10-income inequality ratio. As the demand for labor in these municipalities is mainly driven by the expansion of sectors linked to relatively skill-intensive activities, the disequalization of labor earnings, due to increasing returns to skills, is an expected outcome of this transition. This outcome is also consistent with the argument of one-time disequalizing impact of skill-biased technical change in the 1990s correlated to the new liberalized trade regime (López-Calva and Lustig, 2010) . Table A .3 in the appendix shows supporting evidence of this development based on the 1006 rural municipalities in the states of Chiapas, Oaxaca, Veracruz and Puebla. While on average, in rural municipalities classified to be in the nonpoor cluster in 2000, the distance between top and bottom incomes increases over the 1990s, in municipalities sorted into the poor group in 2000, income inequality falls as the poor cluster also loses income. The difference is statistically significant for the poor component at the 1 percent level and significant for the non-poor component at the 5 percent level. These trends are consistent with our suggested interpretation of how economic opportunities develop in poor and non-poor clusters in the 1990s.
In order to investigate the relationship between the formation of the lowincome group and the different inequality change paths amongst the selected rural municipalities, we also estimate a Gaussian bivariate mixture model of the distribution of the 90/10-income ratio for the period 1990-2000. The sample is restricted to the 1006 rural municipalities of Chiapas, Oaxaca, Veracruz and Puebla which make up the vast majority of the poor cluster in 2000. Figure 3 shows the results. The diagonals in the graphs divide municipalities experiencing disequalizing trends in income over time (above the diagonal) from those experiencing equalizing trends (below the diagonal). The left graph shows the four clusters generated by the bivariate mixture model for the relationship between income inequality in 1990 and 2000.
Clusters 1, 2, and 3 are largely aligned according to their overall level of inequality, while cluster 4 unites municipalities where income inequality is increasing significantly between 1990 and 2000. The right graph shows the same municipalities but the symbols refer to which income cluster they belong to in 2000 (x refer to poor cluster, circles to non-poor cluster). 194 out of 239 municipalities (81 percent) which moved into the emerging low-income cluster in 2000, show decreasing income inequality ratios from 1990 to 2000, while all municipalities that observed large increases in inequality belonged to the non-poor cluster. This supports our hypothesis relating worsening conditions for the tradable sector with differing opportunities for sectoral shifts and associated inequality outcomes in poor and non-poor municipalities (see also Villalobos-Barría, 2012 and Klasen et al., 2014) . To further probe the correlates of ending up in the low cluster in 2000, we exploit our available data at the municipal level and implement a parsimonious probit model of cluster membership in Table 3 . The explanatory variables consist of the initial values (in 1990) of variables representing human development dimensions. Additionally, to test our hypothesis of the role of agriculture and intersectoral labor mobility in affecting the transition, we include the share of employment in agriculture and the share of indigenous population (expected to show lower mobility levels). The share of employment working in the public sector is included as a rough proxy for the scale of non-traditional activities. Finally, state and coastal municipalities dummies are also considered. The equation is estimated on our unrestricted sample made up of the 2372 municipalities; on a restricted sample consisting only of the 1006 rural municipalities within the states of Chiapas, Oaxaca, Veracruz and Puebla including 92 percent of all poor municipalities (restricted sample 1); and on 2080 municipalities having more than 50 percent of their population living in rural areas (restricted sample 2). Robust bootstrap standard errors in parentheses. Significance levels ***p < 0.01, **p < 0.05, *p < 0.1.
Source: Own elaboration based on data by The Poverty, Equity and Gender Unit, PREM-LAC, The World Bank.
As expected, municipalities with higher levels of education and health in 1990 are less likely to end up in the poor income cluster in 2000. Supporting our hypothesis, after controlling for income convergence, the shares of indigenous population as well as the proportion of agricultural employment are strongly correlated with the formation of the new poor component. Our results show an increasing association between the share of indigenous population and the probability of being in the poor cluster in 2000 (see the top panel in Figure A .2 in the appendix).
Regarding the proportion of employment in agriculture, we find a strong U-shape correlation with the observed clustering in 2000. The turning point situated in agricultural shares about 50 percent. However, as the majority of municipalities in our restricted sample show higher employment shares in this sector, we conclude that rising agricultural employment share is associated with an increased probability of income decline during the 1990s (see the bottom panel in Figure A .2 in the appendix).
This analysis supports our hypothesis that in agricultural municipalities with high structural barriers (related to a high indigenous share), the negative shocks to agriculture in the 1990s (NAFTA, GATT, overvaluation, and the 1994 economic crisis) caused these economies to converge on a low-income level in 2000, while the structural barriers prevented a mitigation of these changes through outmigration.
A catch-up process among municipalities that were previously sorted into the disadvantaged component characterizes income dynamics during the period 2000-10. Municipalities belonging to this group grew faster than the rest (71 vs. 18 percent respectively). Beta convergence is also found during the period 2000-10 with slopes of −2.11 and −0.75 respectively. As a result, a significant proportion of the municipalities in the low-income cluster improved their income rank in 2010. But, what can explain such a dynamic? For one, it may well be the case that the end of the crises that had generated the low-income cluster has disappeared, allowing these poor municipalities to catch up. In particular, favorable external conditions and domestic price stability encouraged investments in agriculture. Thus, improved production enhanced incomes of relatively poor rural households in the poorest agricultural municipalities (Esquivel et al., 2010) . In addition, a substantial increase in government transfers targeted to the poor helped promote incomes in poor municipalities. For instance, the Progresa (later known as Oportunidades) conditional-cash transfer program started in 1997 has played a role in the equalization of incomes between 1997 and 2010 particularly in rural areas (see López-Calva et al. (2012) and Lustig et al. 2013) . At the beginning of the program in 1997, participation was restricted to those areas that already had an elementary school and/or health services. Consequently, the poorest communities were excluded at the beginning of the implementation of the program but were included progressively in the 2000s (Sariego-Rodríguez, 2008) . 
Trivariate Distribution of Income, Health and Education
We now turn to the analysis of the joint distribution of per-capita income, health, and education. Our mixture model classifies municipalities into different human development clusters based on posterior probabilities. We find four, four, and three human development clusters in 1990, 2000, and 2010 respectively. Descriptive statistics of these clusters are displayed in Table 4 .
The distribution of human development across municipalities shows an education-led convergence of human development over the past two decades. The reason for this development can be found in our univariate analysis as we show that the education distribution monotonically improves over time. Because such improvement has an upper limit in the case of schooling years, improvements are then associated with convergence in this dimension as education progress in those municipalities at the top of the distributions occurs at a slower rate compared with municipalities at the bottom of the education distributions. See Grosse et al. (2008) for a related analysis of pro-poor progress in education where the boundedness of education affects the distributional pattern of progress. In health, there is divergence between 1990 and 2000 driven by one cluster of particularly high mortality in 2000.
In income, there is a larger disparity among clusters in 2000, supporting our finding of the univariate discussion above, which becomes smaller in 2010 as four clusters merge into three and the mean gap between them shrinks. Figure A .4 in the appendix displays the same clustering using two-dimensional graphs. The centers and the lengths of the box sizes represent the mean value and standard deviations of the human development dimensions, respectively. This figure shows that the joint distribution of education and income explains the four clusters found in 1990. In 2000, the appearance of a low-income/high-children-mortality cluster canceled out the convergence in education observed during the 1990s. For the period 2000-10, the time-variant number of human development clusters does not allow us to directly determine whether a municipality transited from a less to a more developed stadium using the resulting non-square transition matrix.
To overcome this difficulty, we grouped municipalities according to a narrow criterion of human development improvement/deterioration. We define an improvement (deterioration) to have taken place only if a municipality moved to higher (lower) cluster and improved (worsened) its overall ranking.
7 Although this definition of transition is strict and conservative, pronounced changes in human development at municipal level using this definition seem to be much more common than transitions found in cross-country studies such as Vollmer et al. (2013a) . Here, the proportion of municipalities improving or deteriorating ranges Table  5 above). These human development transitions are displayed in appendix figures A.9 and A.10 respectively.
Noteworthy is the fact that during the 1990s, a considerable portion of the human development dynamics takes place in the south-western state of Oaxaca, which consists of 209 municipalities. This state exhibits one of the highest proportions of indigenous population (58 percent) and the second highest proportion of employment in agriculture (68 percent).
8 Table A .4 in the appendix shows that in Oaxaca, about one fourth of the municipalities improved their Human Development classification. Consequently, in absolute terms, this is the state where the highest number of 139 municipalities experiences improvements (139 municipalities). Simultaneously, Oaxaca also comprises more than one-fourth of all municipalities with declining human development classification (117 municipalities, or 21 percent). However, as a share of total municipalities in a state, improving municipalities are concentrated in the mostly Central and Southern states of Quintana Roo (86 percent), Queretaro (83 percent), Campeche (78 percent) and Yucatan (77 percent), followed by, Michoacán (74 percent) and Guanajuato (74 percent). Losers of the 1990s are mostly located in the states of Baja California (100 percent), Distrito Federal (94 percent), Colima (80 percent), Morelos (64 percent), and Nayarit (55 percent).
During the 2000s, the municipalities of Guanajuato (78 percent), Zacatecas (78 percent), Yucatan (67 percent), Durango (66 percent) and Nayarit (65 percent) made significant progress, while a substantial share of municipalities in the states of San Luis de Potosi (35 percent), Chiapas (28 percent), Guerrero (20 percent), Quintana Roo (14 percent) and Campeche (11 percent) worsened.
The spatial dynamics in human development during the 1990s show that the suggested positive income dynamics in the border regions linked to greater trade integration with the USA in the wake of GATT accession and NAFTA, did not generate broader human development improvements in many municipalities.
The decade of the 2000s shows improvements in human development in municipalities in central and southern regions, which benefit from the recovery of the tradable sector. Despite their economically advantageous location, border-states continue stagnated in human development terms (as their municipalities were less likely to improve in human development classification even when almost 40 percent of their municipality were classified into the less developed clusters in 2000), which might also be linked to rising mortality associated with the intensifying drug violence in the 2000s. This result can also be linked to the macroeconomic crisis of 2008-09 that originated in the USA, in which Mexico's GDP contracted by 6.6 percent due to their larger dependence on the US market. This was the sharpest economic decline in Latin America in the year of 2009 (Villarreal, 2010) .
Human Development Clustering
In order to investigate the factors that are correlated with such positive and negative changes in development, Table 6 shows the outputs of the ordered probability models of (a) the observed clustering in 2000 and 2010 and of (b) the relative change in the classification from 1990 to 2000 and from 2000 to 2010 (dubbed transitions). Appendix Tables A.5 and A.6 show the marginal effects for the ordered probit models in Table 6 .
To do this, we control for the initial clustering observed in the previous decade (1990 and 2000, respectively) and include as explanatory variables the initial values of the shares of indigenous population, employment in the agriculture, the share of rural population, the population size as well as controls for border and coastal location. Our result shows that low human development in 2000 seems to be clearly and strongly correlated with the share of employment in agriculture, and with the share of indigenous populations (both in 1990). A significant negative correlation is also found for border regions. Coastal regions do not differ significantly in their human development from the rest.
The clustering observed in 2010 reflects the same negative association of human development with the indigenous population share, and the share of employment in agriculture, although the effects shrink substantially compared with the 2000 clustering. Also, there is now a significant correlation with the share of employment in agriculture. Finally, border municipalities perform worse than the rest while coastal location is uncorrelated with the human development classification.
The right-hand panel of Table 6 shows the correlates of transitions. First, we find strong evidence of "conditional convergence" in human development. Municipalities clustered in worse off clusters improve their human development performance between 1990-2000 and even more so between 2000 and 2010. This is to be expected as many processes, including diffusion of policies and best practices, transfers, as well as migration, and roll-out of more generous social policies (including Progresa/Oportunidades) would promote such a conditional convergence. Although the US border condition is statistically and negatively correlated with the clustering in 2000 and 2010, it is not correlated with the human development transitions observed between 1990 and 2000. Conversely, coastal municipalities are more likely to improve their human development classification over time, a result which may be related to the upsurge of the tourism industry initiated since the 1970s (Wilson, 2008) .
Our results provide additional support to the idea that the social stress generated along the border could have harmed human development there. The drug war and associated violence that started in the mid-2005s, as well as the human trafficking of Central American migrants to the USA may provide a plausible explanation for the observed lack of development dynamics in the border region (particularly in Sonora and Chihuahua, see Figure A .10 in the Appendix). Further research should address the causal relationship between conflict and human development changes in border regions. Table 6 also shows that the share of the indigenous population, and the agricultural share are negatively correlated with the human development transition in the 1990s and the 2000s, although the effects of agricultural dependence and Significance levels ***p < 0.01, **p < 0.05, *p < 0.1; t-values in parenthesis. High development cluster is the excluded category.
a Transitions refer to the following ordered categories: declining, stable and improving human development clustering in the period of reference.
Source: Authors' calculations. This suggests that the improvements that took place in the 2000s, which are mostly related to a catch-up effect captured by our "conditional convergence" term are also partly explained by improving conditions for agriculture in municipalities with higher proportions of indigenous populations; of course, many of the worst-off clusters remain very agricultural and contain a large indigenous share; in those, the positive "convergence" effect is moderated by the negative coefficients on agricultural and indigenous shares, so that more of these municipalities ended up moving up.
Discussion and Concluding Remarks
At highly disaggregated levels, there is a lack of studies addressing the issue of convergence in human development. Most studies only focus on the income dimension. We add to the literature by performing an overall assessment of human development based on the joint distribution of health, education and household per capita income as main determinants of human welfare. Specifically, based on Gaussian mixture modeling, we test formally for the number of clusters in the joint distribution of income, health and education.
Our trivariate Gaussian mixture models show over time an education-led transition from low and quite unequal to higher and somewhat more equal human development levels. But mobility in human development is high, affected particularly by fluctuations in health and income. Between 1990 and 2010, 55 percent of all municipalities transited from higher to lower or from lower to higher development levels. The human development dynamics are associated with the relative size of the agricultural sector and the share of indigenous population in these municipalities; location also matters, with different dynamics close to the US border or in Southern municipalities.
These analyses present a largely descriptive picture on distributional dynamics in Mexico. We suggest that some of these dynamics are likely to be related to fundamental economic changes in the Mexican economy over this time period, in particular trade liberalization, NAFTA, and swings in the real exchange rate. We also suggest that municipalities who benefited from these changes economically did not apparently benefit from it in a broader human development perspective. We suggest that this could be related to social stresses and a rise in violent crime that has affected mortality. While these results are suggestive, further research should address the determinants of these distributional dynamics more thoroughly using decomposition methods or well-identified econometric methods. Of particular interest would be to more clearly link the spatial distributional dynamics of human development in Mexico to the changing trade and exchange rate regimes, specific state policies to reduce poverty and promote human development, violence, and migration. In such an analysis, one could also consider spatially explicit econometric models to assess to what extent location and neighbourhood affects human development levels and transitions.
